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HIGH-SPEED OFIDIZING GASIFICATION OF DENZINE

[f;ilawing is the translation of an srticle by . I.
Demnettyeva, M. A, Rivin, and D. M. Rudkovskiy, entitled
wWysokoskorostnaya Okislitel'naya Gazlfikatsiya Benzina®
(English version above) in Zhurnal Prikladnoy Khdwmii,
Vol. 19, Ho. 7, Moscow, 1946, pages 632-650./

~ The | process of the high-temperature decompesiﬁion of
petroleun fractions fa?@hé purpoée of obtaining gases rich in olefinic
hydrocsrbons has been the object of a mumber of studies {Bibl. 1, 2).
Dubrovay, Ghelintsév, et a1 (Bibl. 3), and subsequently Dobryanskiy
and Dogomolov (Bibl. 4) discovered that the introduction of sﬁalli
amounts of cxygen.into the procegs'of therrnal decomposition
of hydro&arbonﬁéncreasas the total vield of the pas and the yield of
the olafins -- ethylene, propy*ene; ané.butylenes;

Our goal was to investigabe the process of obtaining gas from
liquid fuel, as previously suggested by one of us (BPibl. 5, 11),
considering that the forced method of obtaining rich hydrocarbon
gases ﬁay find application in many branches of industry and naticnal
SOOTIONY

This method of gasification of hydrocarbons  can be applied to
obtain: (1) industrizl gaé; (2) rich power gas (for, among others,
transport power instzllations); and {(3) chemically valusble uggatur&ted_

23588,
The follcwihg postulate underlies the investigated process: (1) the |
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process of gasification should be completely autonomous in the thermal

and chemicgl sense, which ig of particular impor.tance then this process
15 utilized +v obtuin f@ﬁérgwﬁq (2) this should be a high-temperature
process, which ia net,essm to achieve a substantial gas yield and to
"force® the process and the apparatus; and (3) the wasificatio should
be oxidizing, because the volumetric determina .l.omir::ifs Imz’fu?'ing
oxi.dauon io the most perfect and effective method of -Fcﬂ-i ny | heat
into the zone of the .  endothermal - v dscomposition reaction.
The presence of oxygen should prompte a more extensive ¢} SS'&‘!M‘.m of the
original fuel, and the dilution of f.he fuel wﬁ..th nﬁttroyén

should ‘retard the process of the formation of heaffy molecules
from the products of primary decampositicn. o ‘

The thus devaeloped process was termed by us "hig‘h-tamper#ture
oxidizing gasification® (Bibl. 5), which reflects most fully the spe-
cific features of this process. The difference between gasiflc,ation and

~ - Dubrovaiie

other' processes, inclading oyrolysia anc};\oxidizing eracking, consists
primarily in that the purposs of gasification, . pre-determining the
selection of all parameteré of this process, is to obtain a maximal
gas yleld. The range of mz'king temperatnres; composition of -
the gasif.‘ied mixtures, etc.,l all ‘are gea‘x;ad to this purpoée.

elecfg:.ng the Baslc garamegers of &hg M A high unit produ—

. etivity and high gas yield during the gaaification can be

achieved by appl,;ing high reactian tempex atures. The optimal temperatu-

-
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Tres may differ for different tynes of raw materisl, according to their

4heir
frectional and grovp coamposition, bhecs the speed \? ﬁdaconp ition
reaction may differ. An analysis of the avallable data {Bibl. 5} shous
that these temperatores should be not beiﬁﬂ’ﬁ@ﬁoc.
A rotional construction of the ther&&l Process, | desp

dissociation of the original fuel and minimal aﬁ?(gg;f{@ﬂ of coke
are achieved by uring oxidizing dCﬂompc"% tion, 1n which the dissocis-
tion proceeds in the presence of exyg@n. In this case, the hsal
necessary to materialize the reaction is released uniformly throughout
the »iass aznd this eliminstes a number of major technologleal diffi-
culties involved in intraducing_a’large amount of high-potential heat
through the walls of the apparatus.* |

The ac hmewemeut of , - deep dissociation is most G1lffi-
cult when the yit-;ld of high-welecular pmduaté and carbon 15 low.

The - specific effest of the dilution with air should

‘ | ~ both

manifest itself primarily in the decrease in the partial pressure of jthe
fusl and the prod‘&t& of its desomposition in the reaction zone. In
genersl the ’ decomposition reactions correspond well with
the former, and the comdersation reactions -- with the 1atter; thas,
the decrease in the ceﬁdensation of fuel becanse of dilution should
reduce the speed of the condensation reactions without exerting an
appreciable effect on the rate of decomposition.
*The technological zdventages of the volumetrie introduction of heat

by means of oxidalion have besn investigated in sufficient detall by
the originator of the method of oxidizing craciking, K. K. Ixbrovay. |
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Only the nitrogen of the air can be considered as the inert diluent
here. The chexﬁical affect of the oxygen entering into 'the reaction i.e
difficult to anticiinata, bécause o:m?‘gen. catalyzes both reaciions. Tﬁe
catalytic influence of oxygen has been détermined only’

. ,f,,gualitativeiy,m fs.r. Nonetheless, it appears quite
rignt Ep ﬁéstglaté that oxldizing decosposition in the presence ‘of
comparatively high concs»ntrations of oxygen should lead to a deeper
dis&ociation of fuel than that brought about by a  purely thermal
> decompos.a.tlon. | \

The basic parameters detemimng tha course of the process of
oxidizing gasifieation are’ temperature, reacti»r\x time, and air con-‘
centration. T}ye. stud; or the inﬂuence of these pax‘ameters on the
character of the process, compositicon of the products, and thermal
balance of the reactién is the ‘puz'pose of the present investi.

' gétion. The influence of m.her far*tors. such as pressure, size
| ceoction vessel /
and design of the ’ ;( wall material, wasg not imrestigated.

Approxjmate themocnemical and kinetic calenlationsand tentative
experiments have lad to the conclusion that . in order to atiain
high‘ gas . . yieldé &nd s low yield of high—mlecuiar pro-‘
ducts of condehsation, and to achievé thermal E antonomy, the
process should take place at temperatures of the order of 900-1,000°C,

reaction time’C of the o-rdef of several hundredths of a second,

-
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,and alr excess cogfficﬁentscz# of from 0.1 tﬁ 0.15. B-59 benzine was

the liquid products of reaction bolls oub to the same extent as the

selected as the object of investigzation. This salectien was basad on

the following consideraticns. Preliminary exporiments revealsd that

W

(as analogously indicated by Dubrovay (Bibl. 3)) the greater part of

an,rﬁnng fusl. In the cass of benzima that part of producte can be

he
easily utilized for burninv togebher with gas Tas selectiem‘mﬁﬁﬁw59 i
]

venzine was dictated by apecial'cirramatancps. The opbimal product

. , i
_would be the one containing the greatest amount of paraffinic hydro- g
i

: carbons. pecause the th ngphthenic and, wﬂpecxa&ly, aromatic benzines|

. eondensationg and tars.

vessel 2 shown in Fig. 1, cons tituted by a tabe of mﬁaul«; sts@l

| measuring 26%20 mm in diameter and 1,100 mm in over-all length, and

. flowmeter 11 (Fiz. 2). The flowneter was provided with a set of

are bound to yield a large amount of ﬂlﬁhﬁmﬁlavhluf p”aductg of

Experimental Part : i

Working ﬂ&ta@d, The experiments were uanﬁucteﬂ in tubnlar reuctAsn :

(o)

oy
rn

enclosed in heat insulation. The heating of ths reaction
vessel waz effectuabed bybpassing a low-voltage current through the 2
tubefs walls. The temperature of the vessel was adjusted (within the'i
1imits of +590) by means of a KGZKn hgaﬁing ccntraller manufactured by

the spironety® Plant with 2 - pensor conutituted oy a chrcwui-

plunzl thermocouple. Fuel dellvery was measured by means of:fl};%dt |
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calibrated nozzles whose gradustion was paribdically"rg-checked, During
. the experiments fuel delivery was maintained At a fixed rate. Fuel

consumption was verified by weighing before and ‘a'ft.er the experiment

R st e

Fig. 1. Schematic Representation of the Reaction Vessel

1. T-pipe to supply mixturae; 2, Reactlon vessel;

3. Copper contacts; 4. Thermocouple CaStng’

5. Twinweduct porcelain midget tube; 6. Thermocouple; !
7. Porecelain casing; B. Heat insulation i

Fig. 2. Schematic Reprasentation of the Supply of Puel-Air Mixture
to the Hezction Vessel ‘ _
1. Pump; 2. Cushion; 3. Valve; 4. Presheater; 5. Rheometer;
6. Mixer; 7. Manometer; 6. Air feed; 9. Benzine tank;
10, Benzine feed; 1ll. Benzine meter; 12. Evaporator

The mixer is presented schematically in Fig. 3. The diaphragm on

the putietof the . mixer was conducive to a rapid intermixing
of fuel with air.
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Fig. 3. Schamatic Repraesentalion of Mz

e .
4 - Air: B - Fucl vapors; C - iapkvmgm D - To rea »ilc vasse!

Pig. 4 shows v the scheme of the cocling,measurensnt
g :

and collection of samples of the raa:tion products leaving the reaction
vessel. The gases and vapors éu fﬁﬁ? > the reaction vessel thr ugh

- midget tube L were ccoled in two parsllel melallie reflux condensers

2 and thereuporn b&@ﬁgﬂff through valve 3 or proceedsd through valve
I into the testing syst,uaﬂ The condensate and water were dviven off
into flaek 5 whlle the gas t&g@thér with the fins-disperse misht of
condenging fluld was fed into- Smitt filter* 6
vwhich drove off completsly all the Liguid phase, . depositing

it into flask 7.

Fig. 4. Schematic Reprssentation of the Measurement and Collection of
Samples of Reactlion Froducts
4 - Bleedwoff cutlel; B - Waler; C - Heaction products;
D - Water: B. Blaed«cff outlet; F.-To gas mater;
G.- To rectification

g

I

1
3
{
t

i

*The Smitt filter consists of 2 compact parcel of glass wool and, when

properiy packed end sized. it - prevents ths
passage of tha minute £luid particles suspended
in the gas.
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" along the reaction vessel. This was followed by . conducting

the silicagsl. After the cooling of the reaction vessel the thermo-

Thence the gases and vapors procesd-into large - glass coil 8
immersed ip a cooling mixture of ice and salt,'where a part of the
condensed water h vapors and liquid hydrocarbons sedimented,
and the remaining’ gases and vapars passed on through a s;llcagel-fllled‘
netering tube 10 and were | bled off through valve 9 and the gas

metsr and burned out,

An average gas sample proceeded through valve 11 and the rheometer |

into ths © ° . rectification column, which was cooled with liquid airj
The uncondensed gases were collected in an emptied ZQaliter tank. ‘
During the experiments the rate of delivery of gases into the system
was maintained - constant, o

After heating the reaction " vessel to the desired temperature,

and after heating the preheater andevaporator to 350°u, the working

wixture was blown through the apparatus for a few minutes and the f

 reaction products were bled off (Pig. 4). Thereupon valve 3 was |

gPEﬂLa
closed, Uwme opening valve 45 and the syatematic recording of the f

instrument readings was commenced. The movement of the thermocouple '
along its casing was used to verlfy the temperature distribution

i

the rectification of the gas and driving off the products absorbed by

]
i
1

couple casing and the cap at the opposite end were unscrewed and the
carbon on the walls of the r*action vessel was scraped

off with a Special brush.. The - | - obtained carbon was*”ﬂvﬁﬁEd ‘
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and caleined in an air current at 120%C to a fixed welght., The diffe-
nee in welzht hefore and afier the caleining wss assmuned to be ths
weight of the deposited earbon,

Redueing the | i
ffﬁatarial Balance Shaet, Ths theoretical amount of air needed fcr;

2 complets ‘aombnation was accepied in all calculations atl

15 kg per kg of benzine,

The material balance sheet of every experiment wag drawmn up by

£y

comparing the weight of the taken and the dbtai ed substances., The

amount of the cbtained substance was dat@rﬂtned in the Pallewzug manne

‘___P'i -

The amount 0f liquid hvdruﬂar%aaawes determzacd by direct wajwhing.;

- the mathematiesl
The :eigh i the gaa was de twrmln@d aa/f p”eduut of its V“A

(on introducing corrvections for temperature, pressure, moisturs)

and ths volume-unit weight.
The amcunt of the forming wafew wag computed according o the con-
sumption of the introduced oxygen, on the assumpiion that the formation

of water reguired an amount of oxyzen egual tod
ry & %

Hv

[Oghyy,, == 100, §mtm uced = 10l = [0} e =10, g‘_r‘as;f%_ue

ngs
The reasgon was because very 1ittle of thebrzanic oxygen compounds

wers found in the reaction products, so that these compounds could not‘

be taken ints account when con pili )&'tha material balance sheet. {

The yield of carbon was no higher than several tenths of z percent,

and therefors it was not considered in the balance sheet,
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The

thus reduced materisl halance shest involved deviations of

normally nolt mors than cone or Lwo percent. The experiments in wﬁich’t%s
. 4
¢
i
{

deviations exceeded 1.5 percent were as a.ruls serapped.

Analysis of Reagtion Products

Analysis of Gas

Rectification of the gas was condueted in a device with a copper

rectification coiumn designei by the laboratory of the Khimgaz

[EEi~Union Scientific Research Institute of Chemical Treatment of
Gasesl (Bibl. 7). '

The
{Bibl.

The

method

The

The

content of olefins was determined by the;sulfuric~écid method
12). |
content of CQ,, CO, and 02 was determined by tﬁe abscrption

in an Ors type davice,

i
H

{

sontent of hydrogen was determined by burning over cupric oxids?

content of saturated hydrocarbons was determined by

burning over a platinum €0k«

The weight of one liter of the gas was determined by the

pycnonetric method.

‘Analysis of liguid Products

Specific gravity was determined by the pycnometric methed.

Fractional composition was determinsed by Engler-typs fractional

distillation.

Mean molecular welght was determined by the cryoscopic method.

Content of actual tars was determined by the standard mathod,df




1 gas for power purposes wilthout first purifying it from tars requires,

| therefore, 2 specisl study.

evaporation in a bowl to a fixed weight. Inasmuch'és the condensate
contained a greater amount of tars compared with the benzines, there-
fore it was . diluted by adding B-59. _ .. “benzine.
. . reaotion producty . _
The amount of ths unsaturated A~ Tin the fraction with B.D.
©of Jup to 200°C was determined hy the method of bromine numbers. |
The total content of unsabtuvated and . - aromatic hydrocarbons was
determined by treatment with Katiwinkelts mixture.
. R
. :

It is the amount of actual tars in the products of gasification that

Sconstitutes an important index of ths suiteblility of the gas £¢r§

: . ' .
| power installations. The walue® determined by thestandard method |

| degraee of
cannot be considered accurate, bhacause the highfﬁﬁﬁ%%ﬁ?&t&an of the

liguid products of gaaifieaﬁian iz conducive to the formation of tars

in the process of their determinetion. F@?Ainétanﬁa; in the freshly
driven off frastion VW§ﬁﬂghbﬂ§;@a§“£$ ;15063, in cértain cases,

as much as 75-100 wg of actual tars terded to form per 100 am3 of the %
coerdenaate in the courss of the _. detarmination. |

Consequently, the tabulated tar yislds could be regarded only as

upper limits. The questioh ¢f the pnssibility of using the oblained

Processing the Pesults of the @ggerim@nﬁa

Determinine the Reaction Tempersturs.®  Alveady the first few

experiments had shown that the concept of reaction temperature is
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" reaction is by its very nature non-1sothermal.

: purely nominal when applied to oxidizing gasificatioﬁ, because .. “U',gf

| was assumed to be the lemperature at the end ef the reaction zone,

'classified, is nominal both inherently and in the sense of the method

J —— A 1 Lot ey ke b -
]

During the evolution of a reaction the temperature field of the

reaction vessel becomes strongly dlstorted, fofmihg a peak at the
X ' i

begiming of the reaction zone, with the height of the psak depending

on the ccmposiiion of the mixture and the rate of its delivery. The |
determination of the mean temperature of such a reaction invelves g
fundamental difficulties. Therefors, the nominal temperaturs, f
_ , / i

LN e L aﬁédcpted for processing the results of the exﬁérimentg;

because, at given{ and given contact time T* that temperature can .

[T

"&Erve | to characterize the composition and properties of the
gasified fuel. It shéuld be added moreover that the temperatures
measured by the thgrmccouple sre ﬁot true iamperatures of the gas,
because of :° - : - _ ’ radiativé heat exchange
between the surface of the thermocouplets casing and the inner surfacé
of the react:on vessel, and the presence of heat transfer along the |
wall of the thermocouple's casing, which causes the temperature dist“i—
bution curve to become somewnat smoothed out.

fhus, "reaction temperature® according to which the resulis were

nsed to » _. determine it.‘

Contact Time,  Contact time was eonstrued as the time of sojourn

&ri ina bl
of thqﬂéénzine-air mixture in the reaetion zonae, with the unit volume




A

" of that mixture bheing related te reastion temperature and to +he
gt bhe outlat of

pressura * the air preheéater. An increase in volume as a resuli of

¢ the reac £ion was not considered in the calculations becsuse, on the

one hand, thls incrssse was relatively small in riew of the conziderah

f:’z

D diludicen of the air by ritrogen and, on the other, calculations acgar*

et e Q_, S P.e R M‘

ing te the aybthneticsl mean of the unit volumes before and after the |
reaction do not, by any mesns, yield the true resction time. Thus,
the #irue” reaction time is actually somewhat less than indicated in |

the tanles ~-- on the average, zbout 1.2-1.3 times lowsr. i

-

#heaction Zone,® Fir, 5 1llustrates the method used to determine |

this zone. The length of the zone proved - to be virtually identical j

in all experiments as a result of the comparstively high

f

|

0 the |

j

1

o Pavires e v Bxoda 8§ prokmm

Fig. 5. Determining the lLengib of Reavtian aoﬁe ;

o= 0,15; 7 = 0.1 second; t = 1,000% !

4 - Temperature in °C; B - Reaction zone; i

¢ - [Hstance from the inlet of the reaction vessel 3

Gamnilimw tha ™ " Tableas. The tables were camﬂ*lad by 4incleding
only those experiments which had yielded a satisfactory colncidence

between the material balance shests and 2 satisfactory distribubion of

temperaturs in the reaction vessel. During the caleulations ofthe

yields by weizht of the 1nd1¢1daa1 compenents, and during all the energy
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: B30 much
the losgses consisted not k;a'of zetual losses of substance 5o
of errors af individual measurements and | “  analyses. The yield

ﬂ“or several different and f’ara fxxed = 0,1 second. In addition, twe

caleulations the losses of fuel in the experimenta%ﬁre proportionately

divided among fall the componenis. This is natural considering tha'

by weight of fluid is definad as the weight ratio of the combined |
ligunig | 9"":%11&&1 ‘
total amount of reaction products to the welght of thﬁfienzlne taken,

Durding the dgtermination<of the extent of transfbrmatieni the liqui§
hydrocarbons boiling out at wp to 150°C which had not chenged after §
treatment with Kattwinikel's mixture were regarded as untransformed fne#.

Inasmach as the - _ original fuel (B-53) contained , g
approximately seven percent aromatic hydrocarbons, the magnit uda deterL
mined in this mcnner is not an mct one; however, a more precise a the%d
of determinln%;"i;ment of t ansforma ion" cauld be hardly feasible in %

practice. The table of the ccmposition by weight of the products of %

gasxfica tion (Table 3) serves as the starting table for all thermnchemical

caleulations, _The caloricity of the liguid products of reaction was

determigad by using an interpolaticn graph illustrating the relation~ é

i

ship between caloricity and the specific gravity of the fluid. The .
i

maximum cazloricity of the B-59 was assumed at«ll,OOO kilocalories/kg. §

Results dfthe Experiments

gonditions of the Experiments and Svstematizétion of Results. The

experiments were conducted at temperatures of 810-830, %00 and 1, 000°9
velines Of(x
!\

series of experiments were conducted fOP variable ¥ at temperature of
1,0000C and at©= 0.13 and®(= 0.15. The pressure in the reaction
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~ vessels. . varied from 1.25 to 1.4 atm during "4 different experi~
ments. The fluctuations in prressure during any single experiment
| A ‘ did not exceed 0.1 atm.

-The résults of 20 experimants; are cited in'composita tables 1 and
2., Table 3 c:iﬁas-the dis*txi’zbuﬁion of 't.hve sarbon and hydrogen of the
ori.ginal benzine among the individual reaction products. Figs, 7 to |
23 1llustrate the tabulated data and their - ", wecaleulations in
various forms, when examining the graphs of yield it ‘should be taken
into account that the curves they contain are not interpolative 'andv
indicate merely an é'ppmximate courss of the variaztions in the yields |

var imm )
of products under *:\m - conditions of experimentg.

[y

B

-

Ses paze 15

Table 1 ..fe ¥ 7 i
Gomgosite Tahle of the Results of © Experiments; »
No. of Bxperiment; : f
Conditions of Experiment; o 5
Pemperature, °C; A o
Extent of Eramfcvmaticn, in percmt by Weight;
Yield of Fluid, in percent by Welght of Benzine = . :
Yield of the FractiongaUowerd of 200°C, in percent by Weight' :
of Benzine; . . With h.p.of -~
8. Yield of Tars, in pewent by Weight of Benzine;
Q, Characteristics of liquid Prcduots,_ . ,
‘ 1 Boil. Pe up to 20000 according to Engl pr,
11.78pecific Gravity of Fluid;
12, Mean Molecular Welght;
13. Unsaturated, in percant* ax
114, Unsaturated + Aromatic , in percem’c* S
15, Deviations from the Material [ Balance Sheet, in percent .

e o * v
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Table 2 *

* L 3

.
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Compogite Table of the Hesulis of the Zxperiments;

Ho. of Zxperiment;

Conditions of Experiment;

Temperature,  °C;

Welght of ons.liter of Gas;

Composition of Gas;

Maximu Temperature in Reaction Vessel, “C
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: Gasification, in percent by welght;

Yo. of SHxperiment;

Pigher Unsaturatsd Compounds;
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Percentage /Ratio/ of C to the U of Benzine;
Percentaze [Fatis/ of N to the N of Benziue;
Ratio of Column 15 to Coluvun 12 .
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tion reactior invelving a mixturs with a substantial amount 01 oXygen.

- é.
heat loss, and when <= C. 15 c;ny\shwt contact time, the reaction

) themscoupie. |

nxidation and releage of heat at thu beginning section of the reaction

wmgeratura Regime, The curve a;i' temparature distribntion a.long th

' peaction vessel, shown in Fiz. 5, is t;ypic;al of an oﬁ.&izing-daco;ugosia

Under thess conditions the &f&ect of extomal heat.ing manifests itself

but little, because the grsate* the conceniration or oxygen the amalle:

which has %o he imtroauwii
the amount of heat - _ m‘w tma r@actien zona for -

A
the purpose of the thermal balancing of t;he process, When gl= 0.13-0.15, :

+tion of extermal
the introdncﬁ hest is in prastice needed enly to eampensate the

* G

procaeds nearly without any introduction oi‘ external heat.
The temperature field ; 1 "", im;hase experiments should

ma.ximally rapmduce the temperature field of an "adiabatic® reactlion
values of o6
vassal. In the experiments wiih l.aw & , when the fsirly conziderable

compensated !
consumptisn of heat on endothsrusl reactiou is A ﬁ‘y‘ ‘extarnsl :

hesting, a sizable temperature . % Grop existed between the external

wall and the gas, which had distorted considersbly the temperature .

Pield of the reaction and the results of measurenents by the
411 the curves of *mparature dmtributmn point to a high rate of

vessel. . In the expsriments with low(X the temperature remsins approxi-

mately constant once it reacies ite maximum. In the experiments with

highﬁtha temperature drops after it reashes its maximom (ty.. in

Fig. 5), spparently because of the absorption of heat by the deconposlin




AR

kY : SO

whereupsn it again risss slowly, which we sre inclined to asoribe 1o

i pature, as illustrated in Fig. 7, coulﬁqbe explained in the same

tion reasction, and it reaches its mintmum {tmir in Fig. 5, .7

the candepsatﬂo reactions of unsaturated products, accompanying the

releaﬁe of heat,

The degree of the * pon-isvthernal state of the process could
. . ﬁﬁ Tuin . .‘
be charaeterized by the ratic =TT s whose relationship to

: ik

r

changes in temperature {when T is constant) is  illustrated in Fig.o

%
As can be seen from Fig. 6, é& decrasses with increaging ©£, which

corresponds with the increasing autonomy of the process, The fact tha?
the surve for 9ﬁ0°0 exterds below the carve for B30°C can be @xp;ained
by the increase in extent of decomposition, accompanying the increase

in temperature, and by the more extemsive cooling of the reacting

mixbure. Th@ progress of the carve for 100°C seems at first glance
unexpeéted, The only plausible assumption would be that at higher
temperatures the endothsrmal decoumposition reaction reaches a
comparatively high extent before the quiﬁﬁytiéfiis yet completed,
depéeséing the . temperature peak, analogously to the
fact that dissociation, increasing the so~called effective heat

capacity, restricts the rise in tha tempsrature of a hi gh«teﬂperatare

s ontm ook seare Pt At e e el e

flam The retardation in the rise in the meximal temperature of the
nrocess, QOﬁa@ﬂS&Tate with the increase in 6%9, and the decrease in thL
temperatare difference (tma§“"gﬁi = AT) at a rise in reaction tempe-

hmbﬁ

mannser.
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Gridsiion Staze. The schematic representation of oxlidation a

decomposition zs independent and sucoessive reaction reflacts clearly |

st ey gy

the exbernal thermal manifestations of the process.. The chsmistry of |
the process of sxidizing g.asifir-ation i%.mdoubtedly ruch more complex

and the present study does not provide dzta for determning the chemiial

!

) - mechanism of the unfolding feactions,, _ ‘ i
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Fiz. 6. Relationship Between Fig. 7. L !
* the ;.*"w} Ratio and % , Temperature Dependence
and + {T = 0.10 of “tgxand Lt
¢ second) : (‘{ 0.10 second) |

Ths bound oxvgen msnifestsitself in the gagification products i
i
nearly completely in the form of COZ, HZO and CO. The percentile sh re
of the oxvgen that participates in the reaction proved to be virtuall;;ir

_ . |

ccnstant for the investigated values of v (Fig. 8). s

The presence in the ga sr.ficatmn products, when T is low, of compa“

ratively large amounts of fluid with a specific gravity of 0.78-0.79



(Fig. 10) and olefinie hyﬂrscarbana b Li(6q and Cyp)(Fig. 14),

]

' indicates an 1neemplets decompagiﬁzoﬁ& Thi s makes it possible to
 state that the axiﬁatian ‘of ths fusl, a&sammied by a rolease of
heat, & - ends Inmﬁ befere the ending af th@ gasﬁfication.’
Hawe{?&rf the cu@s&mn mf hew and through |
whatl inteﬂmauiate'stages dean the process of éxﬁx&a imxzepraaasd
ramains unclear; dees ibar@ gecur 8 nrimgry assncxatiﬂn of
oxygen, with the formation of aldehydes, alcohalss acids, and athaé
acid-containing compounds, similarly‘to what occurs ab’

lower temperatures, with a subsequent thermal decomposition of these
subgtances; or dess this prawess gvolve in the form 0f a des%ruetiva

oxidation With a decp disintegration of the fuel molecule during

the elementary act itaelf of oombination with axygen, with direct

formatien of the final products of O@ﬁiuatia&u or, lastly, do

sone intermediate atagﬁs Leks place?

e i .g.

§ - o
4_@3"‘1 i I
5’0%“;-» &X ’ﬁfj
. =345

i
I

S PPN WUt SRS

el {
a7 O T 0 0

SN

'
Lf

' % mpvpeasupolelus
' K

e e s S 7 2 e 102

é??ige 8. Ealafionshiy Bmtwaab Exteaﬁ of Reacted FPart of
' Oxygen and the Time of Con act : i

A = Paruanh&ga of ve achad oxyzen
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case maximum temperature reaches 1,0007C, and in the latter -« only

-t

i

-
Wl

For 21l three temperatures the depree of gasification increases with

i

in the extent af‘disscciatian 28 a result of the considerable amount of
the oxygen participating iﬁ?he resetion tut, to 2 certain extent, also

by the rise in the nmarimu temperature in the 7 reaction zone.

However, the most '~ decisive factor is the high concentration of |

i

oxyzen. This can be seen from the fact that the fiuid yield when

o= 0.03 and = = 1,000°C is twice as high as the fluid |

yvield when o= 0.15 and 'm'8309S, although in the former
T _

Degres of Oasification.* Fig., O illustrates the yield by welght of

the ligquid hydrocarbons, serving to determine the degree of gasificatioh.

° * )
9207 C. , : ;
- i
*rhe dewree of zasification parinins to the relative
{(by %, in percent) awmount of vne orizinal liguid
feol thet bes beoome transforumed into permenent znses
{i?’v..}“{.i:'\'. ifig CA} -

e e e & ot PPN it b 181t v ey s

e
[V

jnereasing o< which apparently is to be explained ot only by the iﬁcreasa

—_
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”ig, 36 1lust¢ates th@ ralationship bet&a@n the yie&d of £luid
(in a*c@nt by weight of the original benzine) and the reaction tims
anduthand
at a temperature of 1,000 c},’( = 0.13, snd @= 0.13. It follows
from these data that ther& exists a conbant time at which the flaid

vield iz minimal. In measure with ﬁh@ sneresse in contact time the

yield of finid by woight gradeally ineraases, and this is acoompenied

by a rise in the specific gravity of the fluid (Fig. 11J.
The sp@cific gravity of the £laid when Tils aptijal, eaaals
approximatﬂxv the specific gravity of the arematic hydrcoarbons, and

the amount of tars is vary oW,
gg o

The longer the reaction uimw the rapi&@b the rise in tha-a?ami?iﬂ

gravity of the condensate &ﬁ%ﬁtu@ vield of high-boiling-point frga%im?é:

and tars, which indﬁeates an dntensive ur*clding of secondary

cordensation reactions{fig. 12).

e

es poze 23a for Figs. 11 amd 12.
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Relationship Betsﬁearzg
Yield of High-Boiling-Point

® A - Yield of fractons bolling &t
upward of 200°%C in percent
by welight of benzine

B - Yield of tar in percent
by weight of bengine
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Yield of Unsaturated Gasss and the Mean Degres of Unsaturation of

' the Hydrocarbon Products of Gasification. The changes in the yield

. of unsaturated gases actording to the conditions of experiments are of!

.determined by the amounts of free liydrogen and solid carbon relessed

special intersst. The yield of (5-Uj-olefins decreases quickly
{when T is identical) with rising temperaturs. The yield curves for
each of the investigated temperature &;a.ve a warimm along €. An i
explicitly expressed maximem - aleng & is algo dlsplayed by the
curves of the total yield of unsaturated gazes. | -
The yield of eﬁ.‘nylene ‘increases steadily, and the yield of

unsaturated 03-05&5;&6:;1*9&&3@«11;&1 rising témperatv.ira(ﬁ‘ig. 13). The
pptimal 6C is identical for all temperaturss and equals 0.1.

The afore-cited datal, s w0 7T jpertaining

te a single value of c'on%;z_mi; time are not exhaustive enough to- ‘
determine the achievable epfiim,al yis],ds'faf unsa;t.um’t:ad reaction 1@1'05*"‘
u.cté._ The optimal corditions for abta:inimg unsaturated gases could
be established only by comparing the yields of these gases under
values of &
various A and contact tlmag,mwtwal for all tempewturess‘
The mean degree of unsaturation of uhe hydrocarben products of
the - -7 ﬁecwposit ion reaction could be characterized by the ratio
of the amcmt of carbon to hym*c:gan a5 nssociated in these products,
which ratic we will hereinafter denote bzf *'5,, for . . brevity.
For a given initial magrzitucie of this ratio in the original raw

. . o .
material (éﬂ) the magnitude of & in the normal | _ pyrolysis is

o B b s b 1
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i iRe dourse of the reauticnm "Cm@?ﬁx‘*éséimg"-&hé*a‘,ﬁéﬁnt of "da'z;ﬂoﬁ"fb"y

PRI P I

'rthe nmbe’:* of G-atam,z ard the smount of hydrogen by an half of the

‘nuzabsr“ef Beatons in a h*-_‘rdro:za;}?bé':zﬁ;clécal'é, we 3 #d that S i fow [
Wt ! ;(

all monoclefing and so,%mraﬁed Bi.. o naphthienss without side clalims, |
5 o g“l.; P the 0 » rd '
Dy = 2 for benzene, :mc’i ’% e for the C,H, hydrocgrbon in the
fgéﬁ.éi"s;l ‘Form (Fig. 14}
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P B « Maximal vield in 4 - Yield in ?ﬁmﬁﬁt by

percant by welght = o - weight of benzine; i

!
of benzine | < BT seconds |

i "f it is o 3ered ‘ohat S z 0 9 eren irx guch a pm‘alfiﬂ benzin%a%

as t}ae investi ga’zed B.59, i.t b@ ones claar that the ebﬁaimaent cf lax'vL}

.amomt» of & gas consiatirg of monoalafins, }m:& pamffz 3§ a.nc% hgadmgan
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The introduction of cxyﬁ*en fmto the thermal decomposition reaction |

. may in principls alter azgnif1ﬂaﬁtgy the ahﬂve‘autlined picture, bacauFe
; the mutual aasﬁciatioq of a part of hyd“ﬂ?albﬁﬁ and hsdrogan into Peﬂf
CO and H,0 % is bound o reflect itsalf in the mean degree of unsatur;tion
of the hydrocarbon products of decomposition. Hers the effect of tlﬁﬁ”i
intreduction of oxyg&n'f“”"“_sbauld hinge on both the relative amcun*‘
of oxygen and its distribuiion among theo xldﬁ‘bwm produets. It is
therefors natural that the clarification of the laws governing the

distribution of oxygen among the oxiéiation products acquires spacia]i
importance. ' " |

: 4 ratio of.
The lmre‘r part of 1?"3.@;a 15 lliuatrates the relationship between th&&

SS"fi&

the A of the carbon of the original fuel that has become oxidized

into CO and CO, I 7Y to the share of the hydrogen

i value of ‘
oxidized in water and th%’tx “As can be seen from FMg. 15, this ratio

was greater than unity throughout the investigated range of temperatures
in a1l ezperiments save one, . and undoubtedly it increases with
an 1neraa$1ng & .

Thus, if no ﬂneﬁifiv effect of cxygen on the formation of free
hydrogen is presupposed, the introduction of airvshould foster a
decrease in the mean aegreé ' 7, of unsaturation of the hydrocarbon
products of decomposition. The influence of temperature on this retio

is apparently not great aad it is claarly: overshadwed by the fairly

-

wide spread of experimental poihts. ~ ghe upper part of the same
Fig. 15 illustrates the ratic {let us — denote it byT) of the
ok | g




e e

. in fres state. Thd

. temper eratures, reaching uiit when &= 0,15, Under these corditions

non-oxidizing decomposition. 1h@ effect of temperature is difficull

.

share of the oxvgen~bound carbon to the shars of hydrogen in water and

-

s vatio also grows with an lnereasing 20 for all

@

(= 1) the degree of unsaturation of the hydrocarbon products of the |

reaction is b= é% , which could never have been achleved éuring a

to determine in this case 21lso, the more so as the comparison of data
pertaining to an identlcal econtact time is arbitrary in nature. In i
effect, whan'tempayature rizes but ¥ remains congbant, the yieid of

hycrogen increases not only because of a more extensive decomposition

grentar
bt also hecauss of the;exﬁansivamess of the secondayy caﬁdpfs Lion |

o
reacting unfolding: Jlt}xtne relea e of free hydrogen., The insrease
ap &

in the viexd of frnéhydragan and in the cited dogree of unsaturz ation

. the hydrooarnos %

o%gf%écaidh products S}éi) with iﬁc:easing contact time, as shown in

Fig, 16, corroborate the above. IZqual conditions for comparing the
emlts obtained at different temparaturaé would be constituted by

s comparison of the &easurements ;onductad at an identical -- in the

physical sense -- contact time, e, g., at a contact time correspdondiné

i
t

to 2 minimal yield of fluid.
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Fig. 15. Influence of the foncen-  Fig. 16. Relationship Between |

tration of Air on ths Comp
sition of the Non-iydro-

carben Productes of Gasifi-
cation. : ' of Reaction and the

Yield of Frees Hydrogen:
and Degree of Unsaturafion
of the Hydrocarbon Products

Striciness of the Reglme

A ~ By B (venzine) in %

i

The character of the shange in ‘\(’ does not in itselfl reflect the X

change in & which, a= cen be sasily demonstrated. equals

‘ Y AT A ) ﬁ‘.
. tg;/hﬂ e 0l~;~_-—~u sz «{” - ~~-~h(l ety

whers h denotes the shars of hydrogen that went on the formation of

water and of the hydrogen present in free state in the reaction produg

L
IS

fellows firom the above eguafion thal the afors-cited dmgree of

A
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unsaturation decrsases mth increasing ?*"4 As for the increase in the

. ; s ' z
magritude of h, this increasses « wharn éﬁﬁ‘é and decreases & when

é}'}i . Tt can be seen from fig, 17 that the magnitude of h increases
with inerea s;ing ppr::gxmawly like T' and it @B i3 this that
results in the fesble dé‘omﬁmcr« of & on oC up to CAe 0.13-0.15,

f 1llustrated in Fig 3@2 4hich is the stavbing point for the
decrease in ,% {the a&t&?‘iﬁk in Fig. 19 pertains to the data of an

experinent conducted when¢C= 0.20, T = 900°C, and ¢ = 0.10 sscond).
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i ' Relationship Eetmen the
Relationship Detueen L’ andet Moan Degree of Unsaturatwn
of &amfication Products andf%
# - 1,000°C; ©< 0.1 s"acam,
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Thus, the optimal gaalficatiovx to cbtain powr gaa muld be tha.t
| conducted whenw}ﬁ 15 and a% &hcrt eentast timz». An . excessive fmcreasa

in o<, leading to a decrease in the total yiald of hydrocarivon rcaat—m

products, would not promate the Gb'b&izmazx.t of ’seehnologmml ZES,
S 2~ should be noted that the foregoing statements pertain to a
dsfinit.e range of temperatures within which the disscciation - reachef

| a eensidarable externt, 1. ., 1t pertains to gagification. At the
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tezperatures used for ¥ '.*;'; Dubmvaj«tybe o:ddizing

cracking the ! . laws migh® be ifferent, nof: only because of the
| possible differences in the distribution of g t;xygen among €0, €O,
an:i H,0 and the smalier a;v:'beni_: of dissociation but also becauss at !

tnmperature.; of 500-600°G" the amount of the higher pmducts of

oxidation still remains compgrativaly large. -

Fig., 19 shows the & { relationship between changes in
motual
thebratio ef the amounts of carbon and benzine oxidized in 002 and CO,!

4

respactively, and changes in oc and temperature. As can b~ seen from !

s
%
|
2
I
{
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Fig., 19, CO, predominates Cin the o*flduhom nroducth
‘ ~ S z
whenee is low, and CO, when> is high. The rise in'. temparai;urm

at a lowoc leads to an inofeaas in the relative vield of L0, whersas |

when Mis high ( % 0. 15) the effect of temperaturs is hardlv appreci able.
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Fig. 19. Re;at.mnship Betwesan ' !
Ratioc of 4 Carbon _ i i
Content in CC, to o oo Il R
Carbon Content in CO  Fig. 20. The Problem of Detet'm:ming ‘thé
and the 0Q. Bquilibriun of Water &

During Gssification.

A - Theoretical curve;
B ~ BExperimental point;
G - When { is minimal
D ~ Also when 6201

T Tezrq:;eramre in R
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The vital importance of the manner of the distribution of oxygen

®

to the naturs of the ruaction products makes it pafticifaﬂlv Lrportant

RS

to clarify the laws governing this process and the pessLu&mi+i*s for

conbroling %nam,k In Fig. 20 Lhe points d@ﬁott for ail 20 sgxperinents

the vaines of the ratic

agaiﬁﬁémaxwﬁaﬂ temperature Lm'feﬂhtimﬂ nons.  The sclid-line curve
\ ,
:reprasenﬁs the change in the equilibrium constant cf water gas

according te temperature, a ”t@r Gan (Bibl, 10). The experiments

. . . Repesl lej S‘:(éu-&]"’f‘&gg j" F o
for 6%2?0$l sre denoted by ST axuzrimert t 1,000%
’ ’ 3

PO

oL = 0,13 and ol = 0,15 aﬁd he miﬂimﬂm T {O 025 and 0. Qw,

respsctively) are denoted by cireles. Ag can be seeh from Fig. 20,
the points lie = n;f*iclgaely glong the curve when of 3 0.1

and when the temperabtures range zhvwxjmntely from 1,000 to 1, 0)&
"’aj 185

of. oz ;
which makes it possible to sssome that al such ’(fﬁﬁﬁ>tempe?aiures the

“elgtlva concenhrations gf ﬂzﬁg Hp, CUs, and CO are determined by the
der ditions of the eguilibriux of the water gas.

Of extreme interest is the question whether it is possible, through,
aqﬂgisﬁ ﬂéﬁ&h the reaction

zone, to alter subgtantially the disiribution of the oxygen of the air

a vrelivinary introduction of waler-gas
& [

among the products of deep oxi u%t ont. ard thus to infiuence the mean
‘ F%

I degree of unsaturation and the composition of the hydrocarbon products

of gasification. Even if the added water will not, because of its
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great chemieal strengih, participate in the reaction, the prasence of
- this excass water in the reaction zone would be hound tof

Jead to the formation of ”e-aﬁlvelv ﬁargc amounts of carvon oxides

and thereby also to a decrease in & , if only the equilihriam of the !

N i

water gas would materialize itself. A converse effect can be expected!
when C0s 1s introduced in advance ints the reaction zone.

Distribution: ™ and Balance of Heat-Produeing Gagacitv in the %

Gagification Products. For an efficient construction of ths

gagification process it is egsential to be familiar with the total

thermal balance of the process. mhe data in Table 3 make it possible |

;
|
\
|
to ccmpﬁte the total heat-producing capacity of products and, on ' i
comparing it with the heat-producing capacity of the original ben21ne,£

to determine the heat i slosg during the gasification process. Figg
21 illustrates ths loss of the heat-producing capacity (in percent) |
of the original benzins in'the course of its gasification as
according to contact time, at a temperaturs of 1,000, in two

mixtures with a different coﬁpasitlcn (K= 0. 13 and oC = 0. l%) The

W R +

course of the curves shown k colnc,ides sati .,sfgotor.;_ly w:xth

\

-

the interpretation of the process ci oxidizing gasification provided

in Sgctions 2 and 3,

32
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‘heats up the mixtars to a hish temperaturs, in which conns

yvielf of fiuid take place st spproXimately

i

i

Fig. 21, Belationship Between the Losc in the Heai-Producing :
Copacity of the Original Fuel During Jasification and the f

L= Loss in the heat-producing eapscity of the fuel :

during gasification (in percent) ' o %

During the first stage of the process,

inciplent docompostition of the zasified fuel, the desresse in the

",

> relssgs of hest which

5]

-y of the fuel rasulis in th

e

chemical ens

ction the

heat-producing eapacity of the fuel declines. The subzeguent dese

encdothermal dissociation resulis in the zhserpiion of the heat ard

(e
Pl
14
L

e-convarsion inte the cherical energy of the fuel. A4s the

contact time increases in durstlork n sscondary excthermal condensation

rescbions reduce & rlﬁ the useful hamu*ﬁer&?iﬂy capaclily of the Nasified
oA

o)

fuoel. Thus, winimal loss takes plase st 2 contact time during which

the process of the primsry dissocizdion of the fuel comes to an end

[y
H

and the sscondary s ﬂﬁnﬁsnﬁaticn reactions do not yet attein
A comparison of Fig. 21 with Fig. 10 shows

thet the minimal loss of heat-producing caeﬂulty and the minimal

)

equal contact time, which
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confirms the above~sxpounded schene of the piroczss.

Te determine the shance in the lovs of hest-produsing capacilty

at changes iniﬁ&and in temperature, it would be nscessary to cowpars
this.loss for the vaines of coniact time cdrrespanding to the winimum
of the curves of "loss of heat-producing capacity--contact tinme.®
However, we possess such data only in relaﬁiOﬂ to twe gagification
regimss, ;n& therefore date ohtained at an idenltical combact time of
T = 0.1 second were platped in Fig; 22 for % hw‘cntzra range of
the investigated values of &X . The blackened-in circles denote the

¥ ).-,- -
loss at optimal values of .gji - Tors = 0.13 and 0.15. A4z c¢an

¢

" be seen from Fig. 22, the heat-producing capacity ol gasification
products detreases with incrsasing X and - increases witn

rising temperature. when&{= 0.03, for all three temperatures, the

neat nDTGd&CLﬁ» capacity of the " resction products is greater

[N

than the heat-producing capacity of the original fuel, whence it

follows that under these conditions the over=-zll reactlon procesds

pepN—

by absorbing the heat introdused by electric heating. With inureasing

€ the consamption of heab on the dissociation of the fuel becomes
iméreasingly supplied by the release of hsat from the oxidization
of the fuel, until, &t a certaln value ofc£ , both these valuss
!o <! aﬂf level ouéﬁne another. Any further increase inocc will then
already lead to a loés of the heaﬁ»prcducing .t capacity of the fuel.
A rise in temperature leads to an increase in the extent of the deﬁom

position of the fusl, and thersiore the thermal balancing of the prees
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requires the introduction of an appropriately large ameunt of oxygen.

The curves in Fig. 22 wake it posgible to svalnate the order of magni-

gissocistion
tude of the heat of ° ~ 7 pf the fuel during gasification,

A

and its temperature-dspendence. Fig. 23 {1lustrates the relationship ?

netween the heat of di&abCiatianﬁxagmputeﬁ per kg of bensine, and ;

temperaturs., The circles denohe the data of the caleulation for a
variable 5, and the & !Tcrosaes, for x = 0.15, During the
calenlations it was assumed that 90 percent of the mixture*s exygen
enters into the reaction (Fig. 8), and it was considered that, in

... accovdance with the T distrabution of O

5 at every point,

a part of the oxygen oxidizes carbon to CO and not to COp. We ignored:

H
the difference in the heat content of the mixture before and afler i
the reaciion. 2

3
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_Figo 23, Fi.‘?. 23° ; 7h¢nmmyp£ T (::i
Relationship Between thJ
o a2l % o, A , 7 ” o - i (353 .
Relationship Between Heat et of Dissociation . |and

Producing Capacilty of Ga
gified Fuel andoe and T.
2 = Heat-producing capa-

eity of gmalﬁ%caticn
produche. in peroetb
of the heatwnraduui z -
capacity of the original
benzines.

Temperatire. P 6,153
Lyna Oy cqrrGSponding to ths
thermal balancing of th yrocass¢
oSt f-rese iU IN 2,
kilosslories per kg of disso-
cinted henzine;
B = Vapriableod
¢ - Temperature in °x Z?%:]

B~ Sec. A g
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being precisely the one within which certain preducts of thermsl

7 7 revealed the following:

dissociation of the fuel.

Regarding the course ¢& the curve, it is pertinent to note the

following: the investigalted temperature range is distangulished by

dissociztion of hydrocarbons, stable at lower temperatures, begin
to decompose themselves, which leads f te #n increase in the extent

and hence also hsat of the dissoriation. This pertains particularly

to methane which is virtually totally stable at temperatures of up

to 8009C, and to ethane and § ethylens which decompospe at a still

comparatively slow rate at temperatures lower than 800°c. wWith

decreasing temperature the , . reaction passes over to a rangs

within which the above-enumerated decomposition products {and

farther on, also others -- prepana,'propylene, ete.) become final

products so that as a conseguence the heat i_ i absorbed

by the reaction decresases -- naturally,-- until it becomes equal to
: -~
zero at the temperature of the beginning of dissociation (’“*&GOGQ?R
Conglusions

The study of the oxidizing gasification of B-59 benzine has
) X o2 N

!
" (1) Under identical tempsrature and tims conditions the introduction
' }
of oxygen into the process increases considerably the extent of %

(2) The entire process could be described as & three-stage one.

First oczurs a rapid exothermal reaction of destructive oxidation,

and then an endothermal decomposition reaction, which in turn is

36
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- foll Lwad by the comdens a*%n of the uﬁaaturatnd decomnps i ion yfﬁdﬂ"tﬁ.

ﬁgcaww‘ﬁ; to conditions penpevature), these successive 5tagés

mAy WoTe or less overdap.
(3} ¥he dacomposition reacilon and the sscondary condensation

i

reactions are e, so that through an apprapriaté
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selection of the time of contant it s possible to atiain an extremely!
t

¢

% Q0 percent) w1 th a low vislid of

§.§e
(.‘a
2
-+
’I
£
o’
o
g“
b

(4} Every temperature nas 1is own optimal values cf@, and contact
!

Sﬁh@ maimal yisld of tunsatorated gases. ;
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The largsst obtaired v1&u& mf zaturated gises &mﬁnnt@d 62 pnrce&t

by weizht of the benzive. The l§t$$:t o= 3& percent -~ yield of

ethylens was cbtained a% 1,00 0°¢
{5) The di; sibution of exygen ameng the final products of oxidation
tegether with the yleld of free oxyzen determines the mean degree of

unsaturation of the hydrocarben products of gasification and by thﬁ

e

sane token the | uswability of the gas in power installations
and as bechnological gas. The mean degree of unsaturation of the

P

hydrocarbon produchts o reaction does not changs untilod = .13 and |

0.15, whersupon it bepins to decrease rapldly.
(6) & comparison of the ahove-obtained data with the isochore

x

of the resciion of water gas provides a foundation for assuming that

=

AN
v - ey - » * - k ﬂ
wneﬁ-iég; 0.1 and st maximel 1,000-1,050YC temperatures in the reactiom

gome, the composiition of the nonehydrocarbon products 1s regulated by
the equilibrium of the water pas.
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In this commection, ib iz of utmest inberest to make 2 spsclal

o e T et

o

! - S :
" studgef the possibility of regulating the process by an arbitrary shif

of the equllibrium through the addition of various specific non-

hydroeerbon 1 \ praiuvta of raaction to the

o e e e

original miztore.
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